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Abstract
Impoverished capacity for social inference is one of several symptoms that are common to both agenesis of the corpus 
callosum (AgCC) and Autism Spectrum Disorder (ASD). This research compared the ability of 14 adults with AgCC, 13 
high-functioning adults with ASD and 14 neurotypical controls to accurately attribute social meaning to the interactions of 
animated triangles. Descriptions of the animations were analyzed in three ways: subjective ratings, Linguistic Inquiry and 
Word Count, and topic modeling (Latent Dirichlet Allocation). Although subjective ratings indicated that all groups made 
similar inferences from the animations, the index of perplexity (atypicality of topic) generated from topic modeling revealed 
that inferences from individuals with AgCC or ASD displayed significantly less social imagination than those of controls.
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Introduction
Individuals with agenesis of the corpus callosum (AgCC) 
without evidence of other neuropathology and with intel-
ligence in the normal range (FSIQ > 80), a condition often 
referred to as Primary AgCC, are characterized by a con-
sistent pattern of mild to moderate cognitive deficiencies 
(Brown & Paul, 2019). Previous research (e.g., Young et al., 
2019), as well as anecdotal reports from family members and 
friends of high-functioning individuals with AgCC, suggest 
that these cognitive deficits contribute to impairments in 
social functioning and increased risk of autism (Paul et al., 
2014).
In the current study we used responses from the Anima-
tions Test (Abell, Happé, & Frith, 2000; Castelli et al., 2002) 
to study the capacity to semantically develop social situa-
tions (i.e., social imagination) and for mental state attribu-
tion (i.e. theory of mind, ToM) in individuals with AgCC 
compared to both neurotypical controls and high-functioning 
individuals with ASD. The Animations Test is typically 
scored in a manner that requires subjective decision-making 
regarding the presence of social and emotional inferences. 
However, we also employed analyses of topic models iden-
tified by Latent Dirichlet Allocation (LDA), and Linguis-
tic Inquiry and Word Count (LIWC), to better characterize 
responses to these videos and explore potential differences 
between social processing deficits in AgCC and ASD.
Agenesis of the Corpus Callosum
AgCC is a congenital brain disorder involving complete or 
partial absence of the corpus callosum (Jinkins, Whitmore, 
& Bradley, 1989; Paul et al., 2007). Paul et al. (2006) defined 
Primary AgCC as “absence of the corpus callosum, with 
minimal additional neuropathology and general cognitive 
functioning in the normal range (i.e., FSIQ > 80)” (p. 47). 
While FSIQ is within the normal range (and occasionally 
above normal), individuals with Primary AgCC neverthe-
less tend to have mild to moderate cognitive deficits. It has 
recently been hypothesized that individuals with AgCC have 
a core syndrome characterized by reduced interhemispheric 
sensory-motor interactions, slowed cognitive processing 
 * Lynn K. Paul 
 lkpaul@hss.caltech.edu
1 Fuller Graduate School of Psychology, Travis Research 
Institute, Pasadena, CA, USA
2 International Research Consortium for the Corpus Callosum 
and Cerebral Connectivity (IRC5), Pasadena, CA, USA
3 Brain and Behavioral Science Department, University 
of Pavia, Sezione di Psicologia Piazza Botta, Pavia, Italy
4 Division of Humanities and Social Sciences, California 
Institute of Technology, Baxter MC 228-77, 1200 E 
California Blvd, Pasadena, CA 91125, USA
 Journal of Autism and Developmental Disorders
1 3
speed, and difficulty in complex reasoning and novel prob-
lem-solving (Brown & Paul, 2000, 2019).
The latter two dimensions of this core syndrome give 
rise to a wide range of associated cognitive challenges that 
disrupt social functioning. For example, on a variety of 
tasks involving complex cognitive processes, performance 
in AgCC is typically characterized by reduced accuracy 
and increased response times (Brown et al., 1999; Brown, 
Thrasher, & Paul, 2001; Hines, Paul, & Brown, 2002; Marco 
et al., 2012). In the context of social processing, Brown and 
Paul (2019) posit that the core deficit in complex reasoning 
and problem solving contributes to difficulty imagining more 
complex possibilities not immediately obvious in the par-
ticular context (Symington et al., 2010; Young et al., 2019).
Social functioning is one of the most challenging areas 
for individuals with AgCC. Previous research exploring 
social processing in individuals with AgCC has described 
impoverished comprehension of non-literal language (Brown 
et al., 2005a, 2005b; Paul et al., 2003; Rehmel, Brown, & 
Paul, 2016), reduced capacity to deal with emotions in 
themselves and others (Brown, Anderson, & Paul, 2015) 
and ToM (Symington et al., 2010). These deficits were all 
evident in a study that required adults with AgCC to inter-
pret social interactions presented in The Awareness of Social 
Inference Test (TASIT) video vignettes (Symington et al., 
2010): deficits in understanding paradoxical sarcasm, rec-
ognizing others’ emotions, and integrating multiple sources 
of information in order to interpret social situations. This 
constellation of challenges not only interferes with the abil-
ity to accurately comprehend complex social situations, it 
also interferes with the ability to imagine the mental states 
of others (ToM) and contemplate alternate possibilities in 
social scenarios.
This difficulty imagining more complex possibilities not 
immediately obvious in the particular social context (i.e. 
social imagination) has been demonstrated in several studies 
of individuals with AgCC. For example, analysis of narra-
tives generated from six emotionally charged pictures from 
the Thematic Apperception Test (TAT; Paul, Schieffer, & 
Brown, 2004) determined that narratives from a small sam-
ple of adult individuals with AgCC were less logical and 
socially relevant than narratives generated by neurotypical 
controls (Paul et al., 2004). A subsequent evaluation of lin-
guistic content in narratives from a larger sample of children 
and adults with AgCC found that individuals with AgCC 
used fewer words related to cognitive processes, emotional-
ity, social processes, and tended to use more present tense 
verbs and first-person pronouns (Turk et al., 2010). Like-
wise, when presented with social situations that led up to a 
decision-point with several potential alternative responses, 
individuals with AgCC had difficulty describing the conse-
quences of various possible decisions (Young et al., 2019). 
Overall, their responses were adequate when scenarios had 
limited alternatives, but as complexity of interacting factors 
increased and implications of decisions became increasingly 
subtle, the responses of persons with AgCC became more 
deficient. In sum, individuals with AgCC have a deficit in 
social imagination characterized by difficulty imagining the 
wider-ranging consequences of decisions, inferring how 
decisions might impact others, and describing circumstances 
beyond their own experience, as well as difficulty making 
social inferences that involve attribution of mental and emo-
tional states.
It is unclear if deficits in social imagination are, as pro-
posed by Brown and Paul (2019), a secondary effect of the 
core deficit in complex reasoning and problem solving (e.g., 
a general deficit in imagining what is not currently the case 
as a possible solution to a problem), or if they are in fact a 
separate and additional domain of core deficiency in AgCC 
that is specific to imaging social scenarios. Moreover, it is 
unclear if deficits in ToM are distinct from, or a product 
of, deficient social imagination in AgCC. To explore these 
relationships, this study compares the capacity for social 
imagination and for ToM in persons with AgCC to indi-
viduals with a diagnosis that is defined primarily by social 
deficiencies, autism.
Autism Spectrum Disorder
Autism Spectrum Disorder (ASD) is a neurodevelopmental 
disorder that is characterized by “deficits in social emotional 
reciprocity, in nonverbal communicative behavior used for 
social interactions, and in developing, maintaining, and 
understanding relationships” (American Psychiatric Asso-
ciation, 2013, p. 50). In some respects, individuals with 
AgCC share behavioral and social impairments with high-
functioning individuals with ASD (Lau et al., 2013; Paul 
et al., 2014). For example, research in ASD suggests deficits 
in social inferences (Baron-Cohen, 1992; Baron-Cohen, Les-
lie, & Frith, 1985, 1986; Castelli et al., 2002) that are similar 
to those found in individuals with AgCC (Paul et al., 2014; 
Symington et al., 2010; Young et al., 2019).
A number of studies have shown that individuals with 
ASD have a diminished ability to effectively attribute men-
tal states (Baron-Cohen, 1992; Baron-Cohen et al., 1985; 
Baron-Cohen, Leslie, & Frith, 1986; Hobson, 1993). For 
example, Thiébaut et al. (2016) and Zalla et al. (2009) exam-
ined ToM in high functioning adults with ASD using the 
advanced ToM Faux Pas test (Baron-Cohen et al., 1999), 
finding that individuals with ASD had difficulty detecting a 
faux pas, but engaged in “over detection” of embarrassment.
Individuals with ASD also have difficulty in recognition 
of emotions, but this depends on the age of the individual 
and the method of assessment of the ability. For example, 
individuals with ASD were found to be unimpaired in recog-
nition of emotions compared to typically developing controls 
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when the method of testing included using perceptually ori-
ented tasks, using unambiguous stimuli, and providing ade-
quate processing time (Gepner, Deruelle, & Grynfeltt, 2001; 
Hobson, Ouston, & Lee, 1988; Humphreys et al., 2007; 
Ozonoff, Pennington, & Rogers, 1990; Piggot et al., 2004; 
Rump et al., 2009). However, other studies found impair-
ments in individuals with ASD when stimuli were more 
complex (Adolphs, Sears, & Piven, 2001; Heerey, Keltner, 
& Capps, 2003; Humphreys et al., 2007) or were presented 
briefly (Critchley et al., 2000; Hobson et al., 1988; Mazefsky 
& Oswald, 2007; Pelphrey et al., 2002). Additional social 
cognitive deficits in ASD have been found in perspective 
taking (Mizuno et al., 2011), appraisals of social context 
(Wang et al., 2006), and regulation of emotion (Samson, 
Huber, & Gross, 2012).
In addition to similar sorts of deficiencies in social infor-
mation processing, recent reports indicate elevated rates 
of diagnosable ASD in the AgCC population. One study 
of adults with AgCC reported the frequency of an autistic 
spectrum behavioral profile in their sample was 18% (Lau 
et al., 2013) and another study reported that ~ 30% of their 
sample met criteria for an autistic spectrum behavioral pro-
file (Paul et al., 2014). In children with AgCC, 45% exceeded 
the autism-screening cut-off score of 26 on the child version 
of the Autism Quotient (Lau et al., 2013). Finally, family 
members of older children with AgCC (ages 6–11) and of 
age and IQ matched individuals with ASD both reported that 
these children had significant problems in social, emotional, 
and behavioral functioning, although the group with AgCC 
were significantly less impaired than individuals with ASD 
(Badaruddin et al., 2007).
The Animations Test
The Animations Test (Abell et al., 2000; Castelli et al., 2000, 
2002) assesses the capacity to make appropriate social and 
mental state inferences based on imagination of the mean-
ing of interactions between geometric shapes. In 1944, 
Heider and Simmel made a short film of interacting geo-
metric shapes and found that neurotypical adults described 
the geometric figures as having complex mental states and 
intentional action. In 2000, Klin introduced the Social Attri-
bution Task, a system for scoring narrative descriptions of 
the Heider and Simmel (1944) animated figures and reported 
that adolescents with ASD had impaired capacity to attribute 
social meaning to the animated shapes (Burger-Caplan et al., 
2016; Klin, 2000; Klin & Jones, 2006).
The Animations Test, also based on the idea of Heider 
and Simmel (1944), uses a set of 12 brief animations to 
assess an individual’s ability to accurately make social 
inferences through attribution of mental states and emo-
tions to the interactions of animated triangles (Abell et al., 
2000; Castelli et al., 2000, 2002). Compared to the Heider 
and Simmel animations, the Animations Test stimuli offer 
greater diversity (12 animations, in color) and greater sim-
plicity (each animation contains only 2 geometric figures). 
In eight animations, movement patterns of the two triangles 
(a big red triangle, and a small blue triangle) are designed 
to evoke the attribution of social interaction: goal-directed 
interactions (GD: chase, dance, fight, lead), and theory of 
mind interactions indicating mental states and emotions 
(ToM: coax, mock, seduce, surprise). In addition, there are 
four animations where movement patterns are random and 
do not display intentionality. Following each animation, the 
observer verbally describes what was seen and responses are 
rated for Appropriateness (accuracy of described activity or 
social script, i.e., dancing, mocking, etc.), and Intentionality 
(accuracy of mental state attribution to the triangles).
Multiple studies have demonstrated ToM deficits in 
individuals with ASD using the Animations Test. Using 
the free-response format, Abell, Happé, and Frith (2000) 
found responses to animations in the ToM category were 
significantly poorer in high functioning children with autism 
than children without autism (including children with other 
developmental delays). Likewise, when responding using 
a multiple-choice format, individuals with ASD were less 
accurate in selecting the emotions typically attributed to 
the animated objects in these videos, and were less accurate 
in identifying the presence of mental and physical interac-
tions between agents (White et al., 2011). Finally, Castelli 
et al. (2002) found that adults with high functioning autism 
and Asperger’s Syndrome made fewer mental state attribu-
tions and were less accurate compared to healthy controls 
for ToM animations, but performed similarly to healthy 
controls when interpreting goal directed interactions. Func-
tional brain imaging during the test was consistent with the 
behavioral findings, with autism participants exhibiting less 
activation than neurotypical controls in the medial frontal 
cortex, amygdala, temporal pole and the superior temporal 
sulcus—brain areas associated with ToM and interpretation 
of biological motion (Castelli et al., 2002).
The Animations Test has also been used to examine ToM 
and ability to imagine and infer social intent in a small sam-
ple of individuals with AgCC (Kang, 2008), compared to 
high functioning individuals with autism and neurotypical 
controls. Although individuals with AgCC or ASD were 
able to identify simple interactions present in the random 
and goal directed categories, they had significant difficulty 
in describing the more complex mental states and behavio-
ral intentions evidenced in the ToM animations (i.e. lower 
scores for subjectively judged Appropriateness on more 
complex items). While both AgCC and ASD groups exhib-
ited poorer attribution of mental states than controls (as 
evidenced by lower Intentionality Scores), this ability was 
somewhat better in individuals with AgCC than in those 
with ASD.
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The present study extends beyond prior studies of social 
imagination and mental state inference in AgCC and autism 
by comparing Animations Test performance in larger sam-
ples of adults with these diagnoses to performance of neu-
rotypical controls.
Computational Linguistic Analyses of Animation 
Responses
The current study also introduces significant methodologi-
cal advancements for the Animations Test: objective scor-
ing using linguistic analyses. Previously, White et al. (2011) 
implemented a multiple-choice response system to circum-
vent subjective scoring. However, this approach negated 
a primary strength of the Animations Test—spontaneous 
imagination and generation of social inferences (Castelli 
et al., 2002). To overcome limitations of subjective scor-
ing and more fully explore spontaneously generated social 
inferences, this study applied two forms of computational 
linguistic analysis: topic modeling and Linguistic Inquiry 
Word Count (LIWC).
Topic modeling is an unsupervised machine-learning 
technique that identifies dominant semantic content in a 
text or document (Atkins et al., 2012; Blei, 2012; Liu et al., 
2016). Latent Dirichlet Allocation (LDA) is one example 
of topic modeling that is useful for searching the data to 
produce a summary of the semantic content while reducing 
dimensionality by producing word clusters or lists repre-
senting the topics within each document (Blei, 2012; Blei 
& Lafferty, 2006). Each topic is a probability distribution 
over a fixed vocabulary (Blei, 2012). Like factor analysis, 
topic models include an estimate of how much each word 
is associated with the given topic (Atkins et al., 2012), but 
in topic modeling each word may belong to multiple topics, 
and each document can consist of multiple topics.
In the present study, an LDA model derived from the 
conglomeration of all control participants’ responses on the 
Animations Test represented the typical core semantic con-
tent and served as the referent model for characterizing each 
individual participant’s responses. The response from each 
individual participant with AgCC or ASD was compared 
to the referent model based on responses from all control 
participants, and the response from each control participant 
was compared to a referent model based on responses of 
all other controls. Comparison between the topic model of 
an individual participant’s response and the referent model 
provided an index of perplexity.
The perplexity index describes the correspondence 
between models from different texts. The theoretical con-
cept of perplexity is a “canonical measure of goodness [of 
fit] that is used in language modeling to measure the likeli-
hood of held-out data to be generated from the underlying 
(learned) distributions of the model” (AlSumait, Barbará, 
& Domeniconi, 2008, p. 6). Lower perplexity indicates a 
greater likelihood that the test text was generated from the 
same distribution as the model derived from the referent 
text (AlSumait et al., 2008). Thus, in this study lower per-
plexity values indicate greater similarity between the topic 
model from an individual participant and the model from 
the referent control group, and higher perplexity values indi-
cate greater deviance of an individual participant’s response 
compared to the semantic core of the referent control group 
response.
Linguistic Inquiry Word Count 2015 (LIWC2015; Pen-
nebaker et al., 2015) was used in to quantify how frequently 
participants used words from various semantic and syntac-
tic categories in their descriptions of the animations. LIWC 
was originally developed to study language and discourse 
in expressive writing (Francis & Pennebaker, 1993). It has 
been used to identify linguistic features of narratives regard-
ing traumatic experiences and to predict improvements in 
health (Pennebaker, Francis, & Booth, 2001). This program 
analyzes text by classifying words into 90 semantic and 
syntactic categories, and stylistic elements of writing (Pen-
nebaker et al., 2015). Of the 41 semantic categories tapping 
psychological concepts, the current research focused on 
three psychological processes relevant to social inference: 
Affective, Social, and Cognitive. These LIWC semantic cat-
egories were chosen based on previous research which found 
that individuals with AgCC used fewer of these words in 
responses to stimuli from the Thematic Apperception Test 
(TAT; Turk et al., 2010).
Hypotheses
The current study aimed to clarify the nature of impair-
ments in social imagination and attribution of mental states 
in adults with AgCC or ASD as demonstrated on the Anima-
tions Test and glean greater insight regarding the similarities 
and differences of social processing deficits in these popula-
tions. As in previous studies, we hypothesized that individu-
als with AgCC or ASD would exhibit limitations in social 
imagination and impoverished mental state attributions in 
response to the ToM scenarios of the Animations Test, as 
evident in lower scores on conventional, subjective ratings of 
Intentionality and Appropriateness and in a significant group 
difference in perplexity measures from topic modeling. The 
direction of group differences in perplexity was expected to 
provide new insights regarding the social imagination and 
mental state attribution deficits in AgCC and ASD. Specifi-
cally, lower perplexity scores in AgCC and ASD than in the 
control participants (i.e. AgCC and ASD responses more 
similar to the referent) would indicate more conventional 
responses and restricted social imagination, and higher per-
plexity scores in AgCC and ASD participants than controls 
would indicate greater deviation from the thematic/semantic 
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core and more imaginative responses. Nevertheless, with 
respect to use of words in semantic categories, based on 
previous findings, we expected that individuals with AgCC 
and ASD would use proportionally fewer words expressing 
social interactions, cognitive states, and emotions.
Although AgCC and ASD groups did not differ from 
controls on conventional, subjective scoring of responses 
to goal directed animations in previous studies, we hypoth-
esized that social imagination deficits in AgCC and ASD 
would be evident in group differences on perplexity meas-
ures from topic modeling. However, group differences would 
be greater for ToM than goal-directed animations due to the 
combined impact of mental state attribution deficits overlaid 
on social imagination deficits.
Based on previous research, it was expected that individu-
als with AgCC and ASD would show similar patterns of 
performance on the Animations Test, but individuals with 
ASD would generally show a greater discrepancy from 
neurotypical controls. However, variations of group differ-
ences in perplexity and semantic usage across the two types 
of animations (those depicting simple goal directed social 
interactions and those depicting interactions) was expected 
to further clarify commonalities and differences in the mech-
anisms underlying social deficits in ASD and AgCC.
Methods
Participants
Participants included 14 individuals with AgCC; 13 with 
ASD; and 14 controls (see Table 1 for a summary of group 
characteristics). In the AgCC group, 10 participants had 
complete AgCC and 4 had partial AgCC. For all partici-
pants with AgCC, diagnosis was confirmed through review 
of MRI scans. To avoid confounding effects due to limited 
general intellectual function, full scale intelligence quotient 
(FSIQ) ≥ 80 was required, as well as 12 or more years of 
education. The exclusionary criteria for all participants 
included intractable epilepsy, history of moderate-to-severe 
head injury, and drug abuse as assessed by clinical interview.
Group comparisons for demographic variables are shown 
on Table 1. Groups did not differ in age. There was a signifi-
cant group difference in FSIQ, η2p = 0.153. The ASD group 
had a significantly higher FSIQ compared to the AgCC 
group, t =  − 2.43, p < 0.02, d = 0.93, but the AgCC and ASD 
groups did not differ significantly in VCI, d = 0.69, or POI, 
d = 0.58. There were no other significant differences between 
groups for FSIQ: AgCC vs controls, d = 0.72; control vs 
ASD, d = 0.30; VCI: AgCC vs controls, d = 0.81; control vs 
ASD, d = 0.10; or POI: AgCC vs controls, d = 0.56; control 
vs ASD, d = 0.01 (VCI and POI scores were missing for 2 
controls). Given the significant differences in FSIQ between 
the AgCC and ASD groups, all analyses were run covarying 
FSIQ. A χ2 test of independence demonstrated that there 
was not a significant association between gender and group 
membership, χ2 = 5.01, p = 0.08.
Measures
Animations Test
The Animations Test consists of 12 video clips, ranging in 
length from 34 to 45 s, depicting 2 triangles moving against 
a framed white background. Half of the animations also 
involve a rectangular enclosure with an opening (see Sup-
plemental Materials for examples). Three different types of 
interactions of the moving triangles are presented: Random 
(RD), Goal-Directed (GD) and Theory of Mind (ToM). 
The four ToM animations depict one triangle pretending, 
persuading, seducing, or surprising the other. The four GD 
animations show the two triangles dancing, chasing, fight-
ing, or leading. The four RD animations depict the two tri-
angles randomly bouncing, drifting, spinning, or floating. 
After watching each video, participants are asked to describe 
what was happening in the animation, with no hint given 
Table 1  Summary statistics of participant demographic information
N = 41
FSIQ full-scale intelligence quotient, VCI verbal comprehension index, POI perceptual organization index
a Comparison of AgCC and ASD groups was significant at p < .05
b VCI and POI control n = 11
AgCC, n = 14 Control, n = 14 ASD, n = 13 F p ηp2
M SD Range M SD Range M SD Range
Age 32.00 09.81 21–51 35.79 15.89 18–61 28.85 12.17 18–55 0.98 0.38 .049
FSIQa 99.14 11.71 84–129 107.29 10.82 88–121 110.92 13.51 93–133 3.43 0.04 .153
VCIb 101.64 13.28 83–131 110.00 5.99 101–122 111.08 14.20 90–135 2.43 0.10 .123
POIb 101.43 13.80 82–133 109.09 12.65 88–133 109.23 12.17 89–128 1.58 0.22 .083
M/F 6/8 11/3 10/3 χ2 = 5.01 0.08
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from the examiner regarding the video’s intended content. 
Responses to the Animations Test were scored using three 
separate methods: standard subject scoring (Abell et al., 
2000; Castelli et al., 2002), topic modeling (Atkins et al., 
2012; Blei, 2012; Liu et al., 2016) and Linguistic Inquiry 
Word Count 2015 (LIWC2015; Pennebaker et al., 2015).
Standard Scoring The standard scoring of the Animations 
Test is based on three major categories, with each category 
having its own criteria and point system (Abell et al., 2000; 
Castelli et al., 2002). The Intentionality index assesses the 
ability and quality of attribution of mental states to the tri-
angles. Scores range from 0 (descriptions of purposeless 
movement) to 5 (attributions of mental states to characters). 
The Appropriateness index assesses whether or not the indi-
vidual was able to accurately capture the script (i.e., dancing, 
mocking, etc.), with scores ranging from 0 to 3. Finally, the 
Length index assessed the length of each response by count-
ing the number of clauses, with shortest to longest scores 
ranging from 0 to 4, respectively (Castelli et al., 2000).
Topic Modeling Topic modeling was used in order to escape 
the subjectivity of the typical scoring of the Animations 
Test. For each GD or ToM response we characterized depar-
tures from common themes using a perplexity measure that 
compared topic models. Topic modeling involves Latent 
Dirichlet Allocation (LDA), a Bayesian graphical model 
implemented for text documents which were represented 
as “bags-of-words” (Blei, Ng, & Jordan, 2003; Griffiths & 
Steyvers, 2004). In topic modeling, each document (in this 
case, participant response) is modeled as a multinomial dis-
tribution over some number of topics, where each topic is 
a multinomial distribution of a subset of words. Typically, 
only a small number of words are important (have high like-
lihood) in each topic, and only a small number of topics are 
present in each document (Lau et al., 2010).
For this study, LDA models were trained on referent 
documents (Animations Test responses from control par-
ticipants) and compared to a particular document of interest 
(the testing document involving the response of one partici-
pant), deriving a measure of perplexity as an index of docu-
ment similarity (Lau et al., 2010). Separate referent models 
involving responses from all control participants (a semantic 
core) were created for each of the four GD and four ToM 
animations. In addition, referent models were computed for 
the across-animation combined responses of controls, again 
separately for GD and ToM. Perplexity measures the likeli-
hood of a test document having been generated by the train-
ing model. In statistical comparisons, we used the inverse 
log of perplexity, called “logword bound”, as a proxy for 
perplexity, as the range and distribution of values for log-
word bound are more convenient and better fit the assump-
tions of statistical analysis—specifically, Perplexity = 2** 
(− LogWordBound). The logword bound is an upper bound 
on the number of bits-per-word needed to communicate the 
text efficiently (i.e., compress the text) given the model. The 
perplexity value reflected how “perplexed” the LDA model 
of a particular individuals response was when compared to 
the GD or ToM referent (semantic core) model. A lower 
perplexity value reflects greater thematic/semantic similar-
ity between the testing document (in this case, an individual 
response) and the trained LDA model (the semantic common 
core).
LIWC2015 LIWC2015 was also used to analyze Anima-
tions Test responses with respect to the proportion of words 
that fall into various syntactic and semantic categories. For 
each word, LIWC searches for a dictionary match. If there 
is a dictionary match, then the word is assigned to the cor-
responding variable count. There are 90 output variables 
available including total word count, 4 summary language 
variables, 3 general descriptor categories, 21 linguistic 
dimensions, 41 categories of psychological constructs, 6 
personal concern categories, 5 informal language markers, 
and 12 punctuation categories. This study was particularly 
concerned about the proportions of words in participant 
responses that involve the psychological categories of social 
interaction, cognition, and emotion as indications of social 
imagination and inferences within responses to the GD and 
ToM animations.
Intelligence Measures
The Wechsler Adult Intelligence Scale-Third Edition 
(WAIS-III; Wechsler, 1997) was administered to calculate 
the FSIQ, VCI, and POI for the participants with AgCC and 
six individuals in the control group. The remaining eight 
participants in the control group and all participants with 
ASD were given the Wechsler Abbreviated Scales of Intel-
ligence (WASI; Wechsler, 1999).
Procedure
The Animations Test was uploaded onto a website for 
administration via internet. At a prescheduled administra-
tion time, the participant received the website address via 
email, and the examiner phoned the participant to confirm 
that the participant was in a room with no distractions and in 
front of a computer with internet access. Instructions were 
then read aloud by the examiner. The presentation order of 
the twelve animations was counterbalanced between differ-
ent participants. The participant and examiner remained on 
the telephone throughout the entire administration. After 
viewing each animation, participants orally responded to 
the question: “What was happening in the animation?” 
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Responses were audio recorded, transcribed, and compiled 
into subject-specific (de-identified) files for scoring.
All responses to GD and ToM animations were scored 
by one of the original authors of the test for Intentional-
ity (degree of mental state attribution, 0–5 points) and 
Appropriateness (degree of correctness of descriptions, 0–3 
points). Length was not scored for this study.
Separate LDA models were calculated for reference texts 
based on the combined responses of all controls to each of 
the four GD animations (i.e., chase, dance, fight, lead), and 
each of the ToM animations (i.e., coax, mock, seduce, sur-
prise). In addition, models were computed for the combina-
tion of all controls over all GD responses, and separately 
over all ToM responses. Each participant’s response was 
compared to the model resulting from the reference text and 
a perplexity measure generated for each comparison. Gen-
erally, high perplexity values represent reduced fit of the 
testing document model within the training model.
Since the perplexity values of control participants would 
be affected by the presence of their own responses within 
the reference text, a leave-one-out procedure was used. LDA 
models were calculated based on reference documents that 
included the responses from all of the control participants 
except that from the control participant to be tested (i.e., 
systematically removing one control participant’s animation 
response from referent documents). The testing document 
(participant response) was then compared to the leave-one-
out referent document LDA model to calculate a perplex-
ity measure. Analyses were conducted for texts combined 
across all ToM animations, and for texts for each animation 
separately.
In addition, the GD and ToM responses from participants 
were analyzed using LIWC to identify the percentage of tar-
get words for three semantic categories: Affect, Social, and 
Cognitive. The proportion of words in each of these catego-
ries was separately analyzed for responses combined across 
GD animations and across ToM animations.
Results
Subjective Scoring of Animations
Results of the standard scoring (subjective ratings) of the 
animations test for each group and type of animation (GD vs 
ToM) are presented in Table 2. Scores for Appropriateness 
and Intentionality were analyzed separately.
Appropriateness
In an ANCOVA comparing 3 groups by 2 animation cat-
egories (GD vs. ToM) controlling for FSIQ, the groups did 
not differ overall, F(2,37) = 0.773, p = 0.469, ηp2 = 0.040, but 
there was a trend toward a significant group-by-animation 
interaction, with a medium effect size, F(2,37) = 2.753, 
p = 0.077, ηp2 = 0.130.
Further analyses were conducted to examine the trend 
toward a significant interaction. Three-group univariate 
comparisons were conducted separately for each animation 
type (GD and ToM), with no significant group effect for GD, 
ηp2 = 0.029, nor for ToM, although the ToM comparison had 
a moderate effect size, ηp2 = 0.086. Although no group-wise 
comparisons were significant, difference from the control 
group was greater for the ASD group, ηp2 = 0.067, than the 
AgCC group, ηp2 = 0.000.
Intentionality
Neither group, F(2,37) = 1.352, p = 0.271, ηp2 = 0.068, nor 
interaction effects, F(2,37) = 1.095, p = 0.345, ηp2 = 0.056, 
were significant in the 3-group by 2-animation category 
comparison of Intentionality ratings. Although no group-
wise comparisons were significant, difference from the con-
trol group was greater in the ASD group, ηp2 = 0.104, than 
the AgCC group, ηp2 = 0.052.
Overall, the results from the subjective ratings of the Ani-
mation Test did not yield any significant differences among 
the groups for the Intentionality index. For Appropriateness 
ratings, there was a trend toward a significant interaction 
of the 3-groups by animation category, which was driven 
Table 2  Summary statistics for subjective scoring averaged across the 4 animations in the goal directed and theory of mind categories
GD goal directed, ToM theory of mind
Ratings AgCC, n = 14 Control, n = 14 ASD, n = 13 F p ηp2
M SD Range M SD Range M SD Range
Appropriateness GD 2.64 0.32 1.75–3.00 2.68 0.21 2.25–3.00 2.81 0.26 2.50–3.00 0.55 0.58 .029
Appropriateness ToM 2.02 0.68 1.00–3.00 2.21 0.48 1.25–3.00 1.87 0.68 1.00–3.00 1.75 0.19 .086
Intentionality GD 2.00 0.24 1.50–2.50 2.23 0.37 1.75–3.00 2.15 0.30 2.00–3.00 1.25 0.30 .063
Intentionality ToM 3.38 0.77 2.00–4.25 3.77 0.70 2.75–4.50 3.42 0.93 1.75–4.75 1.25 0.30 .063
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primarily by an interaction effect in the comparison of ASD 
and control group involving lower appropriateness ratings 
in the ASD on the ToM items.
Topic Model Perplexity of Responses to GD and ToM 
Animations
Summary statistics and results of group comparisons for 
perplexity scores for both ToM and GD animations are in 
Table 3. Responses combined across animations within each 
category (GD and ToM) were first compared in a group-by-
animation type ANCOVA, covarying FSIQ. There was a sig-
nificant group effect, F(2,37) = 31.43, p < 0.001, ηp2 = 0.629, 
but the effect of animation was not significant despite overall 
higher mean perplexity for GD animations, F(1,37) = 0.41, 
ns, ηp2 = 0.011. The group-by-animation interaction was sig-
nificant, F(2,37) = 10.02, p < 0.001, ηp2 = 0.351, with group 
differences being somewhat greater for GD than for ToM for 
responses combined across specific animations.
Goal Directed
Perplexity values for combined responses to all GD anima-
tions were compared using a 3-group ANCOVA control-
ling for FISQ. There was a significant overall group dif-
ference in perplexity values, F(2,37) = 27.86, p < 0.001, 
ηp2 = 0.601. Follow-up comparisons between each pair of 
groups revealed significantly higher perplexity values in 
the control group than both the AgCC, F(1,25) = 40.85, 
p < 0.001, ηp2 = 0.620, and ASD groups, F(1,24) = 19.21, 
p = 0.001, ηp2 = 0.445, suggesting greater differences from 
the core topic model among controls. The AgCC and ASD 
groups were also significantly different from each other 
F(1,24) = 12.12, p = 0.002, ηp2 = 0.336, with the mean for 
ASD between that of AgCC and controls.
Perplexity scores for each of the four GD animations 
were analyzed with a 3-group by 4-animation MANCOVA. 
There was a significant multivariate main effect of group, 
F(8, 70) = 4.07, p < 0.001, ηp2 = 0.317. The three groups dif-
fered significantly for three of the four animations: chase, 
ηp2 = 0.459, dance, ηp2 = 0.222, and lead, ηp2 = 0.376, but 
were not different for fight, ηp2 = 0.105. In pairwise group 
comparisons, perplexity values for all four animations were 
significantly higher for the control group than the AgCC 
group (ηp2 between 0.183 and 0.527). The control and ASD 
groups were significantly different for chase and lead anima-
tions (ηp2 = 0.259 and 0.241, respectively), but did not differ 
for dance or fight (ηp2 = 0.000 and 0.084, respectively). The 
AgCC and ASD participants differed significantly for chase, 
dance, and lead (ηp2 = 0.220, 0.224, and 0.211, respectively) 
with values higher for ASD than AgCC, but they were not 
significantly different in the perplexity of their responses to 
the fight animation (ηp2 = 0.043).
Theory of Mind
Perplexity values for each participant were also calcu-
lated for combined responses to all ToM animations (All 
ToM) and compared using a 3-group ANCOVA control-
ling for FISQ. There was a significant overall group differ-
ence between perplexity values, F(2,38) = 22.46, p < 0.001, 
ηp2 = 0.550. Follow-up comparisons between each pair of 
groups revealed significantly higher perplexity values in 
the control group than both the AgCC, F(1,25) = 33.55, 
p = 0.000, ηp2 = 0.573, and ASD groups, F(1,24) = 20.63, 
p = 0.000, ηp2 = 0.462, again suggesting greater differences 
from the core topic model for controls. The AgCC and ASD 
Table 3  Summary statistics for perplexity values with ANCOVA of group differences for combined ToM and combined gd and MANCOVA for 
each animation
Log word bound (function of the inverse log of the actual perplexity) was used as a proxy for perplexity
ToM theory of mind, GD goal directed
Ratings AgCC, n = 14 Control, n = 14 ASD, n = 13 F p ηp2
M SD Range M SD Range M SD Range
All GD 11.58 2.81 8.33–18.17 25.35 6.85 13.15–40.87 14.82 4.90 8.36–26.82 27.86 .000 .601
 Chase 15.86 5.72 8.83–26.32 33.41 11.21 15.81–51.74 20.42 10.59 10.40–44.27 15.71 .000 .459
 Dance 14.38 3.95 9.60–22.02 33.47 12.67 17.93–66.39 32.15 37.25 12.28–136.35 5.29 .010 .222
 Fight 21.91 17.73 8.58–71.92 36.30 17.89 20.15–76.55 27.62 18.12 9.18–74.34 2.16 .129 .105
 Lead 16.18 4.01 9.57–23.50 38.64 19.56 13.56–84.86 21.60 9.42 8.70–39.50 11.15 .000 .376
All ToM 10.38 2.20 7.90–14.67 17.26 4.29 9.73–24.36 10.82 2.44 7.93–15.52 22.46 .000 .548
 Coax 11.49 5.77 6.65–27.43 25.87 9.11 15.16–45.56 10.81 2.81 7.18–14.90 25.01 .000 .576
 Mock 8.95 2.60 6.58–14.94 23.63 9.48 12.89–52.29 10.24 2.97 6.84–15.67 25.90 .000 .583
 Seduce 8.52 1.32 6.67–10.92 24.83 7.12 14.40–40.42 10.88 4.20 6.63–20.44 46.44 .000 .715
 Surprise 9.52 2.84 6.62–16.47 24.16 9.54 12.66–53.79 10.44 2.57 6.86–16.12 28.12 .000 .600
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groups were not significantly different from each other 
F(1,24) = 1.61, p = 0.216, ηp2 = 0.063.
Perplexity scores for each of the four ToM animations 
were analyzed with a 3-group by 4-animation MANCOVA 
covarying FISQ. A significant multivariate main effect of 
group was found, F(8, 72) = 5.52, p < 0.001, ηp2 = 0.510. 
The groups also differed significantly for each of the four 
animations: coax, ηp2 = 0.577, mock, ηp2 = 0.591, seduce, 
ηp2 = 0.717, and surprise, ηp2 = 0.609. For all four anima-
tions, the control group’s perplexity values were signifi-
cantly higher than both the AgCC (ηp2 between 0.538 and 
0.719) and ASD (ηp2 between 0.474 and 0.592) groups. 
Comparisons of the AgCC and ASD groups yielded sig-
nificantly larger perplexity scores for ASD for seduce 
(ηp2 = 0.239) and similar trends for surprise (ηp2 = 0.111) and 
mock (ηp2 = 0.100), but the groups did not differ for coax.
Semantic Category Word Counts to GD and ToM 
Animations
LIWC was used to investigate the nature of perplexity dif-
ferences in the topic models of controls and the AgCC and 
ASD groups. Summary statistics for percentage of words in 
the semantic categories of Affect, Social and Cognitive for 
animation responses combined within each category (GD 
and ToM), as well as the results of group comparisons for 
each semantic category, are presented in Table 4. LIWC was 
not used to compute proportions of words in semantic cat-
egories for each individual animation because there were too 
few words per individual response for stable LIWC results.
Goal Directed
For the combined responses to all GD animations, a MAN-
COVA comparing 3 groups by 3 semantic categories, con-
trolling for FSIQ, revealed a significant multivariate group 
difference, F(6, 72) = 3.36, p = 0.006, ηp2 = 0.219. The con-
trol group used a significantly higher percentage of words 
from these categories than the ASD group, F(3,22) = 5.10, 
p = 0.008, ηp2 = 0.410, with a trend toward significantly 
higher percentage than the AgCC group, F(3,23) = 2.72, 
p = 0.068, ηp2 = 0.262, but the AgCC and ASD groups did 
not differ from one another, ηp2 = 0.202. With respect to 
the three semantic categories, only the percentage of Cog-
nitive words differed between groups, F(2,41) = 10.74, 
p < 0.001, ηp2 = 0.367, with controls using a significantly 
greater proportion of Cognitive words than the AgCC group, 
ηp2 = 0.235, and the ASD group, ηp2 = 0.394.
Theory of Mind
For the combined responses to all ToM animations, a 
MANCOVA comparing 3 groups by 3 semantic categories 
(Affective, Social, and Cognitive) and controlling for FSIQ 
did not find a significant multivariate group difference, 
F(6,72) = 1.03, p = 0.411, ηp2 = 0.079.
Discussion
Linguistic analysis (topic modeling) of responses to the GD 
and ToM scenarios of the Animations Test revealed impov-
erished social imagination and attribution of mental states 
by individuals with AgCC and ASD compared to a matched 
control group. Semantic analysis (LIWC) revealed overall 
lesser use of psychological descriptions by the individuals 
with AgCC and ASD compared to controls on GD anima-
tions, but no group differences on ToM. Surprisingly, group 
differences were not evident in the standard subjective scor-
ing of either GD or ToM responses.
This combination of results from three different methods 
of analyzing of Animations Test responses provides impor-
tant insights about imagination and mental attribution in 
individuals with AgCC and ASD compared to neurotypical 
controls, as well as commonalities and differences in the 
nature of deficits in AgCC and ASD. To best understand 
these outcomes, it is important to first probe more deeply 
into the nature of the differences in perplexity scores from 
LDA topic modeling, which will then provide a better under-
standing of analyses of the outcomes of subjective ratings 
and LIWC analyses.
Table 4  Summary statistics for 
multivariate analysis of variance 
of LIWC semantic categories 
for goal directed and theory of 
mind animations
ToM theory of mind, GD goal directed
Animation LIWC variable AgCC n = 14 Control n = 14 ASD n = 13 F p ηp2
M SD M SD M SD
Combined GD Affect 1.68 1.36 2.67 2.04 2.46 2.06 1.26 0.30 .064
Social 7.21 3.97 8.49 3.95 6.83 4.08 0.63 0.54 .033
Cognitive 7.66 2.81 11.69 3.14 7.41 3.35 10.74 0.00 .367
Combined ToM Affect 2.04 1.45 2.25 1.60 2.38 1.61 0.58 0.86 .008
Social 4.55 2.36 6.79 4.48 4.94 2.25 1.94 0.16 .093
Cognitive 6.53 2.59 7.58 3.19 5.48 2.42 1.95 0.16 .093
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Perplexity Scores from LDA Topic Models
As explained previously, perplexity scores reflect the degree 
to which an individual participant’s response deviates from 
the semantic core contained in the conglomeration of all 
control responses. This approach, generating the referent 
topic model from a conglomeration of all control partici-
pant responses (using a leave-one-out method to gener-
ate a unique referent model for each control participant), 
effectively removed the individual variability in controls’ 
responses and preserved in the topic model what was most 
common among controls. Thus, a low perplexity score indi-
cates that an individual’s response was very similar to the 
semantic core shared among the responses of controls, and 
a high perplexity score indicates that a particular response 
was notably different from the shared semantic core.
In this study, neurotypical controls had significantly 
higher average perplexity scores than either the AgCC or 
ASD groups for both GD and ToM animations overall, and 
for 7 out of 8 animations when analyzed separately (GD: 
chase, dance, and lead; ToM: coax, mock, seduce, and sur-
prise). Higher perplexity scores reflect greater thematic 
diversity in the responses given by control participants and 
indicate a greater range of socially imaginative elaboration 
with respect to inferring and describing the most salient fea-
tures of each animation (i.e. goal-directed actions and mental 
state attributions). In contrast, lower perplexity scores of 
responses from participants with AgCC or ASD reflect less 
diverse, more conventional semantic content, indicating that 
they were less elaborative and imaginative in their social 
inferences.
This interpretation—That lower perplexity scores in 
persons with AgCC indicates conventional responses lack 
imaginative elaboration—is consistent with previous find-
ings in this population. For example, on the Social Norms 
Questionnaire (Kramer et al., 2013) adults with AgCC dem-
onstrated deficient understanding of the application of social 
norms in the form of over-adherence to social norms (Brown 
et al., 2021). Individuals with AgCC also have lower scores 
on the index of Creative Strengths on the Torrance Tests of 
Creative Thinking, primarily due to lower scores in abstract-
ness and elaboration (Garrels, 2004). Similarly, persons 
with AgCC responded to the pictures from the Thematic 
Apperception Test (TAT) using fewer social, emotional, and 
cognitive words, suggesting diminished ability to imagine 
and elaborate these dimensions when telling stories related 
to the TAT pictures (Turk et al., 2010). Finally, individu-
als with AgCC were found to have deficits in learning and 
memory for word-lists and rote word-pairs, but no deficits 
in learning and memory of verbal information presented in 
a narrative-context (Erickson, Paul, & Brown, 2014; Paul 
et al., 2016). This suggests that memory is restricted by a 
lack of elaborative encoding in the learning phase, which 
may be overcome with externally-provided elaboration (as 
in the story narrative). Thus, multiple lines of research sug-
gest that diminished capacity for imaginative elaboration 
of current stimulus information is a consistent difficulty in 
individuals with AgCC.
Deficits in imagination have long been considered a core 
symptom of autism (Craig & Baron-Cohen, 2000; Lord, 
Leventhal, & Cook Jr. , 2001). In the current study, impov-
erished imagination and creativity are evident in low per-
plexity scores (relative to controls) among individuals with 
ASD as well. Crespi et al. (2016) reviewed results that sug-
gested a deficient social imagination in persons with ASD. 
They defined as imagination the ability to form “new ideas, 
mental images, and concepts,” considering imagination to 
be implicated in a matrix of other abilities such as narrative 
production, pretend play, generativity, and Theory of Mind. 
For example, children with ASD show reduced capacity 
to produce pretend play, but engage in pretend play more 
normally if structure is provided by others (reviewed by 
Jarrod, 2003). Similarly, children with ASD are less likely 
than neurotypical children to have an imaginary companion 
(e.g., Davis et al., 2018). Children with ASD also show dif-
ficulties in imaginative drawings (e.g., Ten Eycke & Müller, 
2018; Craig, Baron-Cohen, & Scott, 2001) and generating an 
imaginative narrative (e.g., Ferretti et al., 2018).
Although deficiencies in elaboration of social imagination 
were evident in interpretation of both GD and ToM anima-
tions, in both AgCC and ASD groups the deficits were more 
pronounced on more complex social interactions for which 
inferential interpretation requires ToM (i.e. larger effect 
sizes for ToM animations). Each GD animation presented 
a single social interaction (chasing, dancing, etc.), whereas 
each ToM animation portrayed a developing narrative of 
relational interaction. Across all groups, perplexity scores 
were generally higher for GD than ToM animations, sug-
gesting that GD animations were likely less constraining of 
socially imaginative elaborations and thus allowed greater 
range of elaboration, particularly for controls. In contrast, 
the greater narrative complexity of each ToM animation, 
while somewhat more constraining of response content 
for all participants, nevertheless revealed a more marked 
elaboration deficit in the AgCC and ASD groups presum-
ably resulting from ToM-specific deficits overlaid on general 
deficiencies in elaboration of social imagination.
Subjective Scoring
Perplexity results from topic modeling may suggest why nei-
ther the AgCC nor the ASD group differed substantially from 
controls on standard subjective ratings of appropriateness 
and intentionality. These ratings assess whether responses 
include the social inferences and apparent intentions that 
are commonly inferred by neurotypical individuals, i.e. do 
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they include basic and conventional social understandings 
and judgments. While a highly conventional response gets 
a positive rating on subjective scoring of the animations, it 
would get a low perplexity score on topic modeling—as was 
the case for the AgCC and ASD groups. On the other hand, 
higher perplexity scores in controls reflected a wider range 
of elaborations around this core, but such elaborative vari-
ety would not impact subjective scoring as long as the core 
meaning was also included in the responses. The information 
provided by topic modeling of the Animation Test responses 
is substantially different than the original scoring and cap-
tures important aspects of the deficits in AgCC and ASD.
The current results from subjective scoring fail to repli-
cate previous findings in persons with ASD using the same 
animations (Abell et al., 2000; Castelli et al., 2002). Par-
ticularly noteworthy is the failure to replicate the previous 
results in adults with ASD reported by Castelli et al. (2002). 
Using the same animations and same rating system, adults 
with ASD in the current study were rated higher in inten-
tionality (3.4 ± 0.93) than found by Castelli et al. (2.9 ± 0.6; 
t = 1.54, p = 0.14) and significantly higher in appropriateness 
(1.9 ± 0.7 versus 0.5 ± 0.2; t = 6.14, p < 0.001). It is possible 
that conventional scoring captured the impact of somewhat 
higher verbal general intelligence in the current sample of 
adults with ASD (111 or 77 percentile) compared cohort 
studied by Castelli et al. (61 percentile). This subtle dif-
ference in verbal ability may have been sufficient to facili-
tate more conventional mental state attributions in ASD, as 
would be captured by the subjective scoring system.
Semantic Category Word Counts
Similar arguments can be made with respect to the failure to 
find robust differences between groups in the LIWC analyses 
of the proportions of Cognitive, Emotion, and Social words 
within ToM responses. Although control participants used a 
greater proportion of psychological words in their responses 
to the GD animations than either AgCC or ASD partici-
pants, the groups did not differ on ToM responses. Given 
the rudimentary nature of the social interactions that can be 
inferred from the animations, the imaginative elaborations 
that resulted in more diverse topic models from control par-
ticipants’ responses likely involved a different topic-related 
utilization of words that are outside of these three LIWC 
semantic categories.
The LIWC results of this study are also discrepant from a 
previous finding that persons with AgCC used fewer words 
pertaining to emotion, cognitive processes, and social inter-
actions than neurotypical controls in their responses to TAT 
pictures (Turk et al., 2010). This prior study used an earlier 
version of LIWC, with the categories examined here refined 
and expanded in the newer LIWC version. If the LIWC 
update had any influence on this analysis, one would expect 
the newer version would be more sensitive to finding group 
differences. Thus, it is unlikely that discrepant findings can 
be attributed to the different LIWC versions.
It is more likely that this discrepancy reflects differences 
in the nature of the Animations Test and TAT stimuli. The 
Animations Test depicts rather simple interactions intended 
to elicit basic social inferences (e.g., chasing, dancing, coax-
ing, mocking, etc.). In contrast, TAT stimuli are more com-
plex, depicting persons in social and environmental contexts 
that are richly suggestive of emotion, cognitive processes 
and social interactions, and contain information about facial 
expressions, body posture, and social/environmental context. 
Stories prompted by TAT pictures would normally be richer 
in emotional, social, and cognitive content, but would also 
be more thematically constrained toward semantic content 
to these categories—that is, imaginative elaborations in 
TAT responses are more likely to be primarily about what 
the characters in the pictures are thinking, feeling, and how 
they interact socially. Thus, the imaginative elaborations of 
controls would involve more words in these categories than 
expressed in the presumably less well elaborated (or less 
appropriate) stories of persons with AgCC.
Finally, in addition to differences in stimuli, the Anima-
tions Test and TAT use different prompts to elicit responses. 
The Animations Test asks participants to merely “tell what 
you saw,” while respondents to the TAT are explicitly asked 
to tell a story about the picture with a beginning, middle, and 
end and to tell what the characters are thinking, feeling, and 
doing. Consequently, responses to the animations are more 
constrained by the events actually observed (what was seen), 
while responses to TAT pictures depend much more heavily 
on a participant’s ability to elaborate and expand a narrative 
beyond what is seen.
AgCC Versus ASD
Previous research has suggested that there are similari-
ties between high functioning individuals with AgCC and 
high functioning persons with ASD (Paul et al., 2014). As 
hypothesized for all 3 methods of analysis in this study, com-
parison with the control group indicated a generally similar 
pattern of deficits in the AgCC and ASD groups. However, 
the pattern of relative deviation from the control group 
varied across animation type (GD vs. ToM) and scoring 
method. While effect sizes from group comparisons using 
standard subjective scores (GD and ToM) and LIWC (ToM 
only) were consistent with our expectation that performance 
in ASD would be more discrepant from controls, the oppo-
site pattern emerged for perplexity. Perplexity scores in both 
ASD and AgCC were significantly below the control group, 
but the discrepancy from controls was smaller for ASD, par-
ticularly on GD animations. In fact, perplexity scores on GD 
animations were significantly lower in AgCC than in ASD. 
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Thus, while both groups exhibited greater deficits relative to 
controls on ToM than on GD animations, the type of anima-
tion had less impact on performance of AgCC group.
Overall, these results demonstrate that with respect to 
controls, deficiencies in imaginative elaboration and social 
inference are markedly similar in AgCC and ASD and are 
not isolated to ToM processes for either group. Nevertheless, 
significantly lower perplexity values in AgCC than ASD on 
GD animations suggest that while both conditions impair 
social imagination and mental attribution, this deficit is more 
directly relevant for ToM processing in ASD and in more 
broadly distributed across social processing skills in AgCC.
It is worth noting that the presence of ASD symptoms 
in some individuals with AgCC confounds attempts to dis-
tinguish between these conditions. In the current study, 11 
participants with AgCC were assessed for ASD as part of a 
prior study (Paul et al., 2014) study and 2 met criteria for an 
ASD diagnosis based on current behaviors. For one of the 
participants with AgCC who met criteria for ASD, perplex-
ity scores were within 1 standard deviation below the AgCC 
group mean (All GD = 9.92, All ToM = 9.27). Perplexity 
scores for the other participant with AgCC and ASD were 
somewhat more similar to the pattern in the ASD group, 
with perplexity for ToM animations within 1.5 standard 
deviations above the AgCC group mean (All ToM = 13.22) 
and the highest perplexity score in the AgCC group for GD 
animations (All GD = 18.17, above the ASD group mean). 
Thus, inclusion of these individuals does not account for 
the low perplexity outcomes in the AgCC group, nor does 
it diminish the finding of a shared pattern of mental attribu-
tion deficits in AgCC and ASD relative to controls, but their 
divergent outcomes do suggest individual variability in the 
relative impact of AgCC and ASD when they co-occur.
Limitations and Future Research
The present study focused on individuals with primary 
AgCC and high functioning ASD, and it is unclear how these 
findings might generalize to individuals with complex AgCC 
(i.e. AgCC with associated anomalies or syndromes) or to 
lower functioning individuals with ASD.
Generalizability of the study may also be limited by 
small group size. However, the group size was quite suf-
ficient to detect large differences (large effect sizes) in 
perplexity scores. It is more likely that the small groups 
may have obscured group differences in the subjective 
ratings and LIWC word counts, which might emerge in 
larger samples. Nevertheless, the pattern of results in this 
study—robust differences in perplexity contrasted with 
very much smaller and insignificant differences in ratings 
and word counts—provided important information about 
AgCC and ASD. In further research it would be valuable 
to characterize in greater detail the forms of elaboration 
present in the responses of controls, but absent in persons 
with AgCC or ASD. In addition, further research com-
paring AgCC and ASD with respect to social inferences 
of this kind using other measures of social inference and 
accounting for potential moderating factors (e.g. related 
cognitive skills) is warranted.
Continued use of LDA topic modeling and the per-
plexity measures is strongly suggested by this research. 
For example, analysis of topic-model perplexity scores 
in the TAT stories of persons with AgCC and neurotypi-
cal controls (i.e., the responses analyzed by Turk et al., 
2010) would be informative and perhaps supportive of 
the outcome and conclusions of the current study. Most 
importantly, the current research illustrates possibilities 
for analyzing free verbal response data in ways that go 
beyond the limitations inherent in subjective ratings or 
word classifications most often used with these sorts of 
data.
Conclusions
Based on the ratings of appropriateness and intentional-
ity, as well as the semantic word counts from LIWC, the 
outcome of this study suggests that high functioning per-
sons with either AgCC or ASD can make conventional 
social inferences about the animations in a manner simi-
lar to neurotypical controls. What was different between 
individuals with AgCC or ASD and neurotypical controls 
appears to be the greater degree of variability in imagina-
tive elaboration in the responses of controls as indexed 
by their significantly higher perplexity values. For goal-
directed scenarios, the ASD group provided more imagi-
native responses than the AgCC group. This outcome is 
consistent with the claim made by Brown and Paul (2019) 
that the core deficit of diminished capacity for complex 
novel problem-solving in high functioning individu-
als with AgCC may secondarily limit the generation of 
elaborative and imaginative solutions in understanding the 
nature of novel and complex social interactions, as well as 
inferring mental states of others.
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